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ABSTRACT 

[Problems to be Solved] 

To provide a dicing method, for semiconductor devices, 
that is capable of avoiding occurrence of cracks in the 
semiconductor chips which may cause silicon debris to be 
produced or clogging of the dicer blade wit-h resin. 

[Means to Solve the Problem] 

A dicing method for dicing a semiconductor wafer having 
a plurality of electronic circuits foarmed on the main surface 
to form a semiconductor device according to the present 
invention, comprises the steps of forming grooves that 
demarcate boundaries of said electronic circuits on said main 
surface, filling resin into said grooves, grinding said 
semiconductor wafer from bacJc-surf ace side to expose said resin, 
and severing each of said electronic circuits as a semiconductor 
device by cutting said semiconductor wafer along said grooves. 

CLAIMS 

1. A dicing method for dicing a semiconductor wafer 
having a plurality of electronic circuits formed on the main 
surface for forming semiconductor devices, comprising the 
steps of : 

forming grooves on the semiconductor wafer from the side 
of said main surface to demarcate said electronic circuits; 
filling resin into said grooves; 

grinding said semiconductor wafer from the side of 
back- surface so as to expose said resin; and 
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severing each of said electronic circuits as a 
semiconductor device by cutting said.semiconductor wafer along 
said grooves. 

2. A dicing method for forming semiconductor devices 
according to claim 1, wherein said severing step of cutting 
said semiconductor wafer leaves resin on the sides of said 
semiconductor devices severed individually. 

3. A dicing method for forming semiconductor devices 
according to claim 1 or 2 , wherein the main surface of said 
semiconductor wafer is coated with resin when said grooves are 
filled with resin. 

4 . A dicing method for forming semiconductor devices 
according to claim 1, 2 or 3 , wherein said filling step of 
filling said grooves with resin is carried out by means of a 
spin coat process. 

[DE'TAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the Invention] 

The present invention relates to a semiconductor device 
and a method for fabricating same, and more particularly to 
a dicing method for semiconductor devices that are packaged 
at wafer level so as to be miniaturized and high in density. 

[0002] 

[Prior Art] 

In the field of semiconductor devices such as VLSI (Very 
Large Scale Integration) devices, size reduction to 70 percent 
in 3 years has been conventionally realized to achieve 
miniaturization and high density. To keep pace with 
above-mentioned development, miniaturization and high density 
has also been achieved in the package form of semiconductor 
devices. For example, semiconductor devices have developed 
from the lead- insertion type (THD: Through Hall Mount Device) 
such as DIP (Dual Inline Package) to surface mount type (SMD: 
Surface Mount Device) such as QFP (Quad Fat Package) , and 
further to BGA (Ball Grid Array) in which output terminals are 
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provided as an area on the surface comprising electronic circuit 
of a semiconductor chip, to achieve further miniaturization. 
Active research is still being continued with the development 
of a CSP (chip size package) in which packaging can be realized 
in size as small as a semiconductor chip. 
[0003] 

Above-mentioned semiconductor device in the form of a 
conventional chip size package and its packaging method will 
be described below with reference to drawings. FIG. 11(a) is 
a perspective view showing a semiconductor device in the form 
of a conventional chip size package, and FIG. 11(b) is a 
sectional view taken along the line A-A' in FIG. 11(a). The 
surface of the semiconductor chip having electronic circuits 
formed thereon is covered with an unshown insulating film such 
as a silicon nitride film. Openings are provided in 
above-mentioned insulating film for connection to pad 
electrodes of said electronic circuits, and bumps (protruding 
electrodes) , for example, solder ball bumps, gold stud bumps, 
or the like, are formed so as to be connected to the pad 
electrodes of the electronic circuits. 
[0004] 

FIG- 12 is a sectional view showing an apparatus in which 
above-mentioned semiconductor device in the form of chip size 
package is mounted or packaged on a packaging substrate. The 
packaging substrate for packaging above-mentioned 
semiconductor"* device has electrodes 31 formed in positions 
corresponding to the positions of the bumps 11 of the 
semiconductor device to be packaged, on the upper surface of 
the substrate made, for example, of glass -epoxy resin type 
material, and unshown printed circuits formed on the upper 
surface, on the back surface or inside of the substrate 3 0 in 
connection with the electrodes 31. In order to package the 
semiconductor device to above-mentioned packaging substrate, 
the semiconductor device is mounted on the substrate so as to 
position bumps 11 properly at the corresponding elctrodes 31 
of the packaging substrate, and then the solder ball bumps are 
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ref lowed (in the case of gold stud bumps, cream solder or the 
like supplied by printing or the like is ref lowed) so as to 
connect the electrodes 31 to bumps 11 both electrically and 
mechanically. Then, gaps formed between the packaging 
substrate and the semiconductor device is sealed with coated 
resin 40 such as epoxy resin to complete the packaged form as 
shown in the figure. 
[0005] 

A method for fabricating above-mentioned semiconductor 
device will be described below with reference to drawings. 
First, as shown in FIG. 13(a), bumps 11 such as- solder ball 
bumps are formed on a semiconductor wafer 10 where a plurality 
of electronic circuit patterns for the semiconductor chip have 
been repeatedly formed, so as to be connected to the electronic 
circuit patterns for the semiconductor chip. 
[0006] 

Next, as shown in FIG. 13(b), on the surface of the 
semiconductor wafer 10 on which the bumps 11 are formed, a wafer 
fixing sheet 20 made of a UV setting resin sheet, and so on, 
is pasted for back-grinding. Film thickness of the wafer 
fixing sheet 2 0 should be sufficient to absorb the height of 
the bumps 11. Then, the semiconductor wafer 10 is ground with 
a grinder BG from the back surface opposite to the surface having 
electronic circuits formed thereon, until a predetermined 
thickness is obtained. 
[0007] 

Next, as shown in FIG. 13(c) , the semiconductor wafer 10 
that has been ground to the predetermined thickness as described 
above is cut at predetermined cutting positions with a dicer 
D to produce an individually severed semiconductor chip 10a. 
The semiconductor chip 10a severed as described above can be 
separated from the wafer fixing sheet 2 0 to produce the 
semiconductor device as shown in FIG. 11. 
[0008] 

[Problems to be Solved by the Invention] 

However, as shown in FIG. 14, the above-described 
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semiconductor device gives rise to a problem that, in the 
process of cutting the semiconductor wafer at predetermined 
cutting positions X with a dicer to produce an individual 
semiconductor chip 10a, a crack (or micro-crack) C tends to 
occur on the surface portion near an edge of. the semiconductor 
chip 10a on the back- surf ace side opposite to the surface having 
electronic circuits formed thereon. When the crack C occurs, 
a problem may arise with regard to the reduction of the physical 
strength such as the breaking strength of the semiconductor 
chip. In addition, the occurrence of cracks causes silicon 
debris to be produced so that the semiconductor device which 
must be used in clean environment can no longer be used. In 
particular, since silicon is electrically conductive, a 
silicon debris falling on the wiring on the substrate may cause 
a short-circuit. Since edges of semiconductor silicon, a 
brittle metal, are exposed and edges (corner surfaces) are 
easily broken off with shock or contact with other parts, 
above-mentioned silicon debris is easily produced. 
[0009] 

The cause for the occurrence of above mentioned cracks 
is explained below with reference to drawings. As shown in 
FIG. 15(a), when the semiconductor wafer 10 that was affixed 
to the wafer fixing sheet 2 0 and ground to specified thickness, 
is cut with the dicer D at a predetermined cutting position, 
a crack C tends to be produced in. the vicinity of the cutting 
position due to the stress exerted by the dicer to the wafer, 
while the dicer D cuts to some depth. The cracks tend to be 
produced more frequently as the semiconductor wafer becomes 
thinner. Therefore, as the size of semiconductor chips has 
become small, the occurrence of cracks has become more and more 
notable. When a crack C is formed as described above and as 
shown in FIG. 15(b) , upon completion of cutting with the dicer 
D at a predetermined cutting position, the cracks that have 
occurred leads to separation at a corner surface on the 
back-surface of the semiconductor chip 10a opposite to the 
surface having electronic circuit formed thereon. 
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[0010] 

In addition, when the dicer D c-uts the wafer completely 
at the predetermined position, at least a part of the wafer 
fixing sheet made of UV setting resin or the like is also cut 
by the dicer, leading to clogging of the dicing blade of the 
dicer D with the resin. This occurs because the dicer that 
was intended originally to cut silicon is used to cut the portion 
of the resin. 
[0011] 

It is an object of the present invention to resolve above 
described problems by providing a dicing method for 
semiconductor jievices which permits a semiconductor wafer to 
be divided into individual semiconductor chips without giving 
rise to the clogging of a dicer blade with resin while avoiding 
the occurrence of cracks that produce silicon debris in the 
surface layer portion of the back-surface side of the 
semiconductor chip opposite to the surface having electronic 
circuit formed thereon. 
[0012] 

[Means to Resolve the Problems] 

In order to attain the object as described above, the 
dicing method according to the present invention for dicing 
a semiconductor wafer which has a main surface with a plurality 
of electronic circuits formed thereon, comprises the steps of 
forming grooves that demarcate said electronic circuits from 
the side of said main surface, filling resin into said grooves, 
grinding said semiconductor wafer so as to expose said resin, 
and severing each of said electronic circuits into individual 
semiconductor circuits by cutting said semirconductor wafer 
along said grooves. 

[0013] 

In the dicing method according to the present invention, 
said severing step of cutting the semiconductor wafer is 
preferably carried out so as to leave said resin on the sides 
of said individually severed semiconductor devices. 
[0014] 
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Further preferably, in the dicing method according to the 
present invention, said filling step of filling the grooves 
with resin is carried out so as to cover said main surface of 
the semiconductor wafer with resin. Further, said filling step 
of filling the grooves with resin is preferably carried out 
by means of a spin coat process. 
[0015] 

According to the above described dicing method of the 
present invention for semiconductor devices, when a 
semiconductor wafer is divided into individual semiconductor 
devices (semiconductor chips) , the dicer needs only to cut the 
portion of the resin (side protection layer) that has been 
filled into grooves formed at cutting positions of the 
semiconductor wafer. Thus, the semiconductor wafer can be 
divided into individual semiconductor chips while avoiding the 
occurrence of cracks that produce silicon debris in the surface 
layer portion of the back- surface side of the semiconductor 
chip opposite to the surface having electronic circuit formed 
thereon. A dicer for cutting silicon may be used for forming 
above-mentioned grooves while another dicer for cutting resin 
or the like may be used, for cutting the side protection layer. 
Thus, a dicer suitable for use with the material of the side 
protection layer may be used to permit the semiconductor chips 
to be fabricated without giving rise to clogging of the dicer 
blade with resin. 
[0016] 

[Description Of the Preferred Embodiments] 

Embodiments of the dicing method for semiconductor devices 
according to the present invention will be explained in detail 
below with reference to drawings. 

[0017] 

First E mbodiment 

FIG. 1(a) is a perspective view showing the semiconductor 
device according to the present embodiment as seen from the 
side of the bump (protruding electrode) -formed surface, and 
FIG. 1(b) is a perspective view of the semiconductor device 
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as seen from the back-surface side. FIG. 1(c) is a sectional 
view taken along the line A-A' of FIG. 1(a) . The surface of 
the semiconductor chip 10a having electronic circuits formed 
thereon is covered with an unshown insulating film such as a 
silicon nitride film, and openings are provided in said 
insulating film for connection to pad electrodes of the 
electronic circuits. Bumps (protruding electrodes) 11 such as 
solder ball bumps, gold stud bumps or the like are formed for 
connection to pad electrodes of the electronic circuits. The 
semiconductor chip 10a has a thickness of 125 fxm, for example. 
Sides of said semiconductor chip 10a are covered with a side 
protection layer 13a of 3 0 /i m in thickness, made of a 
thermosetting T*esin such as epoxy resin or a thermoplastic resin 
such as polyimide resin, for example. The bump- formed surface 
of said semiconductor chip is covered with a bump- formed surface 
protecting layer 14 of 25 m in thickness, made of e.g. a resin 
in B- stage condition, while exposing at least a part of bumps 
11. 

[0018] 

The above described semiconductor device according to the 
present embodiment has the construction in which edges of 
brittle silicon material are not exposed so that silicon debris 
is not easily produced. In* cutting the semiconductor wafer 
into individual semiconductor chips, cutting needs only to be 
made in said side protection layer that was filled into the 
grooves formed at cutting positions of the semiconductor wafer. 
Thus, the semiconductor wafer can be divided into individual 
semiconductor chips without giving rise to cracks in the surface 
layer portion of the back-surface side of the semiconductor 
chip opposite to the surface having electronic circuits formed 
thereon. In addition, a dicer for cutting silicon may be used 
for forming said grooves while another dicer suitable for use 
with side protection layer material, for example a dicer for 
cutting resin or the like, may be used for cutting the side 
protection layer. Thus, in the fabricating process, cutting 
with dicers can be carried out without giving rise to clogging 
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of a dicer blade with resin or the like. 
[0019] 

A method for fabricating above -described semiconductor 
device is explained below with reference to drawings. First, 
as shown in FIG. 2(a), bumps 11 such as solder ball bumps or 
the like are formed on the semiconductor wafer 10 which has 
electronic circuit patterns corresponding to a plurality of 
semiconductor chips repeatedly formed thereon, for connection 
to the electronic circuit pattern of semiconductor chips. 
[0020] 

Next, as shown in FIG. 2(b), grooves 12 having a first 
width Wl of 85 /urn and depth d of 150 jum, for example, are formed 
with a first dicer Dl for cutting silicon in the surface of 
the semiconductor wafer 10 having bump 11 formed thereon such 
that the electronic circuit • patterns of semiconductor chips 
are divided into each demarcated region. 
[0021] 

Then, as shown in FIG. 2(c), the grooves 12 are filled 
with epoxy resin or polyimide resin, for example, by means of 
e.g. screen printing, bubble- jet printing or injection via a 
micro syringe, to form a first protection layer 13. 
[0022] 

Next, as shown in FIG. 3(d), a second protection layer 
(the bump- formed surface protecting layer) 14 is formed by 
applying, for example, resin in B-stage condition by means of 
spin coat process so as to cover the bump- formed surface to 
film thickness of 25 jum while exposing at least a part of bump 
11. - 
[0023] 

Then, as shown in FIG. 3 (e) , a wafer-fixing sheet 20 made 
of UV setting resin sheet or the like for a back grinding process 
is affixed to the surface of the semiconductor wafer 10 having 
bumps 11 formed thereon. The wafer-fixing sheet 20 should have 
sufficient film thickness to absorb the height of the bumps 
11. Then, the semiconductor wafer 10 is ground with a grinder 
BG from the back- surface side opposite to the surface having 
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electronic circuits formed thereon until the first protection 
layer 13 is exposed. The semiconductor wafer 10 is ground to 
a predetermined thickness t (for example , around 125 jum) that 
is smaller than the depth d of the grooves 12. The 
semiconductor wafer 10 is thereby divided into a plurality of 
semiconductor chips 10a for each demarcated region. 
[0024] 

Next, as shown in FIG. 4(f), the first protection layer 
13 that has been exposed, as described abovel, is cut with a 
second dicer D2 for cutting resin so as to leave sides of the 
plurality of semiconductor chips as side protection layers 13a. 
For example, the first protection layer 13 is cut with a cutting 
width W2 of 25 jum so as to leave 3 0 /ixn each on both sides of 
the semiconductor chip 10a. The second protection layer 14 
is also cut continuously into individual semiconductor chips. 
[0025] 

Then, as shown in FIG. 4(g), the semiconductor chip 10a 
that has been severed as described above with the sides and 
the bump- formed surface being covered with side protection 
layer 13a and the second protection layer (bump- formed surface 
protecting layer) , can be separated from the wafer fixing sheet 
20 to form a semiconductor device as shown in FIG. 1. As shown 
in FIG. 4(h), after the semiconductor chip 10a is separated 
from the wafer fixing sheet 20, the first protection layer 13a 
and the second protection layer 14 can be further separated 
from the semiconductor chip so that it can be used as a 
semiconductor chip in bare chip condition. 
[0026] 

As described above, according^ to the present embodiment, 
when the semiconductor wafer is 'divided into individual 
semiconductor chips, the dicer needs only to cut through the 
first protection layer (side protection layer) that was filled 
into grooves formed at the cutting positions of the 
semiconductor wafer, and can thus divide the wafer into 
individual semiconductor chips without giving rise to cracJcs 
which produce silicon debris in the surface portion of the 
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back-surface opposite to the surf ace -having electronic circuit 
formed thereon. Although a dicer for cutting silicon is used 
to form the grooves, another dicer suitable for use with 
material of the side protection layer, for example a dicer for 
cutting resin, may be used for cutting through the first 
protection layer (side protection layer) . Thus, the 
occurrence of clogging of the dicer blade with resin or the 
like can be prevented. 
[0027] 

FIG. 5 is a sectional view showing semiconductor device 
according to the present embodiment packaged on a packaging 
substrate to form an electronic circuit device. The packaging 
substrate comprises, on the upper surface of a substrate 30 
made of, for example, glass-epoxy type material, electrodes 
31 formed at positions corresponding to those of bumps 11 of 
the semiconductor device to be packaged, and an unshown printed 
circuit wiring on the upper surface, on the back surface, or 
inside of the substrate 30 to connect the electrodes. In order 
to package above -described semiconductor device on said 
packaging substrate, the semiconductor device is mounted on 
the substrate with the bumps centered at the position of the 
corresponding electrodes 31 of the packaging substrate, and 
then, the solder ball bumps (in the case of gold stud bumps, 
cream solder or the like) are ref lowed to connect the electrodes 
31 with the bumps 11 both mechanically and electrically. Where 
a resin in B-stage condition is used as the second protection 
layer (bump-formed surface protecting layer) 14, the resin may 
be melt to form a sealing resin 14a to seal^ the gap between 
the packaging substrate and the semiconductor device. 
Alternatively, another resin may be used for sealing the gap 
between the packaging substrate and 'the semiconductor device. 
[0028] 

Second Embodiment 

FIG. 6 (a) is a perspective view showing the semiconductor 
device according to the present embodiment as seen from the 
side of the bump (protruding electrodes) -formed surface side. 
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and FIG. 6 (b) is a perspective view of the semiconductor device 
as seen from the back-surface side. FIG. 6(c) is a sectional 
view taken along the line A-A' of FIG^ 6 (a) . The surface that 
has electronic circuits of the semiconductor chip 10a formed 
thereon is covered with an unshown insulating film such as 
silicon nitride film, and openings are provided in said 
insulating film for connection to pad electrodes of above- 
mentioned electronic circuits. Bumps (protruding electrodes) 
11 such as solder ball bumps , gold stud bumps or the like are 
formed for connection to pad electrodes of the electronic 
circuits. The semiconductor chip 10a has thickness of 125 // 
m, for example. The sides of said semiconductor chip 10a are 
covered with a^ide protection layer 13a of 30 fim in thickness, 
for example. The bump-formed surface of said semiconductor 
chip 10a is covered with a bump-formed surface protecting layer 
14 of 25 fim in thickness, for example, which exposes at least 
a part of bumps 11. The side protection layer 13a and the 
bump- formed surface protecting layer 14 are formed in one united 
body of a thermosetting resin such as epoxy resin or a 
thermoplastic resin such as polyimide resin. 
[0029] 

The semiconductor device according to the present 
embodiment as described above is constructed such that the edge 
surface portion of brittle silicon is not exposed, and therefore 
silicon debris is not easily produced by shock or the like. 
When the semiconductor wafer is divided into individual 
semiconductor chips, the dicer needs only to cut through 
above-mentioned side protection layer that has been filled into 
grooves formed at the cutting positions of the semiconductor 
wafer, and can thus divide the wafer into individual 
semiconductor chips without giving rise to cracks in the surface 
portion of the back-surface opposite to the surface having 
electronic circuit formed thereon. Although a dicer for 
cutting silicon is used to form the grooves, another dicer 
suitable for use with material of the side protection layer, 
for example a dicer for cutting resin, may be used for cutting 
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through the side protection layer. Thus, in ^ the fabrication 
process, occurrence of clogging of the dicer blade with resin 
or the like can be prevented. 
[0030] 

A method for fabricating above -de scribed semiconductor 
device is explained below with reference to drawings. First, 
as shown in FIG. 7(a), bumps 11 such as solder ball bumps or 
the like, are formed on the semiconductor wafer 10 which has 
electronic circuit patterns repeatedly formed corresponding 
to a plurality of semiconductor chips, for connection to the 
electronic circuit pattern of the semiconductor chips. 
[0031] 

Next, as shown in FIG. 7(b), grooves 12 having a first 

width Wl of 85 and depth d of 150 /im, for example, are formed 
with a first dicer Dl for cutting silicon in the surface of 
the semiconductor wafer 10 which has bumps 11 formed thereon 
such that the electronic circuit patterns of semiconductor 
chips are divided into each demarcated region. 
[0032] 

Then, as shown in FIG. 7(c), the grooves 12 are- filled 
by spin coat process or the like with a thermosetting resin 
such as epoxy resin or a thermoplastic resin such as polyimide 
resin, for example, to form a. first protection layer 13. At 
the same time, a second protection layer (bump-formed surface 
protecting layer) 14 is formed in one united body so as to cover 
the bump-formed • surf ace with film thickness of 25 jum while 
exposing at least a part of the bumps 11. 
[0033] 

Next, as shown in FIG. 8(d) , a wafer-fixing sheet 20 made 
of UV setting resin or the like for back grind process is affixed 
to the surface of the semiconductor wafer 10' which has bumps 
11 formed thereon. The wafer- fixing sheet 2 0 should have 
sufficient film thickness to absorb the height of the bumps 
11. Then, the semiconductor wafer 10 is ground with a grinder 
BG from the back-surface side opposite to the surface which 
has electronic circuits formed thereon until the first 
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protection layer 13 is exposed. For exampole, the 
semiconductor wafer 10 is ground to a predetermined thickness 
t (for example, around 125 /ira) that is smaller than the depth 
d of the grooves 12 • The semiconductor wafer 10 is thereby- 
divided into a plurality of semiconductor chips 10a for each 
demarcated region . 
[0034] 

Then, as shown in FIG. 8(e), the first protection layer 
13 that has been exposed as described above is cut with a second 
dicer D2 for cutting resin so as to leave the sides of the 
plurality of semiconductor chips as side protection layers 13a. 
For example, the first protection layer 13 is cut with cutting 
width W2 of 25 jLtm so as to leave 30 /i m each on both sides of 
the semiconductor chips 10a. The second protection layer 14 
is also cut continuously into individual semiconductor chips. 
[0035] 

Then, as shown in FIG. 8(f), the semiconductor chip 10a 
that has been severed as described above, with the sides and 
the bump-formied surface being covered with side protection 
layer 13a and the second protection layer (bump- formed surface 
protecting layer) , can be separated from the wafer fixing sheet 
20 to form a semiconductor device as shown in FIG. 6. After 
the semiconductor chip 10a is separated from the wafer fixing 
sheet 20, the first protection layer 13a and the second 
protection layer 14 can be also separated from the semiconductor 
chip so that it can be used as a semiconductor chip in bare 
chip condition. 
[0036] 

As described above, according to the present embodiment, 
when the semiconductor wafer is divided into individual 
semiconductor chips, the dicer needs only to cut through the 
first protection layer (side protection layer) that has been 
filled into grooves formed at the cutting positions of the 
semiconductor wafer, and can thus divide the wafer into 
individual semiconductor chips without giving rise to cracks 
which produce silicon debris in the surface portion of the 
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back-surface opposite to the surface which has electronic 
circuit formed thereon. While a dicer for cutting silicon may 
be used to form the grooves, another dicer suitable for use 
with material of the side protection layer, for example a dicer 
for cutting resin, may be used for cutting through the first 
protection layer (side protection layer) . Thus, occurrence 
of clogging of the dicer blade with- resin or the like can be 
prevented. 
[0037] 

The semiconductor device according to the present 
embodiment as described above can be packaged for use on a 
packaging substrate in the same manner as in the first 
embodiment . 
[0038] 

Third Embodiment 

FIG. 9(a) is a perspective view showing the semiconductor 
device according to the present embodiment as seen from the 
side of the bump (protruding electrode) -formed surface, and 
FIG. 9(b) is a perspective view of the semiconductor device 
as seen from the back-surface side. FIG, 9(c) is a sectional 
view taken along the line A-A' of FIG. 9(a) . The surface of 
the semiconductor chip 10a which has electronic circuits formed 
thereon is covered with an unshown insulating film such as a 
silicon nitride film, and openings are provided in said 
insulating film for connection to pad electrodes of above- 
mentioned electronic circuits. Bumps (protruding electrodes) 
11 such as solder ball bumps gold stud bumps or the like are 
formed for connection to pad electrodes of the electronic 
circuit. The semiconductor chip 10a has thickness of 125 fx 
m, for example. Sides of said semiconductor chip 10a are 
covered with a side protection layer 13a of 30 /^m in thickness, 
for example, made of a thermosetting resin such as epoxy resin 
or a thermoplastic resin such as polyimide resin. 
[0039] 

The semiconductor device according to the present 
embodiment as described above is constructed such that the edge 
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portion of brittle silicon is not exposed, and therefore silicon 
debris is not easily produced by shock or the like. When the 
semiconductor wafer is divided into individual semiconductor 
chips, the dicer needs only to cut through above-mentioned side 
protection layer that has been filled into grooves formed at 
the cutting positions of the semiconductor wafer, and can thus 
divide the wafer into individual semiconductor chips without 
giving rise to cracks which produce silicon debris in the 
surface portion of the back- surface opposite to the surface 
having electronic circuit formed thereon. Although a dicer 
for cutting silicon is used to form the grooves, another dicer 
suitable for use with material of the side protection layer, 
for example a dicer for cutting resin, may be used for cutting 
through the side protection layer. Thus, in the fabrication 
process, occurrence of clogging of the dicer blade with resin 
or the like can be prevented. 
[0040] 

A method for fabricating above -described semiconductor 
device is explained below with reference to drawings. In just 
the same manner as the first embodiment as shown in FIG. 2, 
bumps 11 are formed on the semiconductor wafer 10, and then 
grooves 12 are formed so as to divide the electronic circuit 
pattern on the semiconductor wafer into demarcated regions, 
and a first protective layer 13 is formed by filling the grooves 
12 with a thermosetting resin such as epoxy resin or a 
thermoplastic resin such as polyimide resin by means of e.g. 
screen printing, bubble jet printing, or injection with a micro 
syringe or the like. 
[0041] 

After the first protection layer 13 has been formed, a 
wafer-fixing sheet 20 made of UV setting resin or the like for 
back grind process is affixed to the surface of the 
semiconductor wafer 10 which has bumps 11 formed thereon, as 
shown in FIG. 10(d). The wafer-fixing sheet 20 should have 
sufficient film thickness to absorb the height of the bumps 
11. Then, the semiconductor wafer 10 is ground with a grinder 



BG from the back-surface side opposite to the surface which 
has electronic circuits formed thereon until the first 
protection layer 13 is exposed. For example, the semiconductor 
wafer 10 is ground to a predetermined thickness t (for example, 
around 125 jum) that is smaller than the depth d of the grooves 
12. The semiconductor wafer 10 is thereby divided into a 
plurality of semiconductor chips 10a for -each demarcated 
region. 
[0042] 

Then, as shown in FIG, 10(e) , t^e first protection layer 
13 that has been exposed as described above is cut and severed 
into a plurality of semiconductor chips using a second dicer 
D2 for cutting resin so as to leave sides of the semiconductor 
chips covered with a side protection layer 13a. For example, 
the cutting width W2 is set to 25 ^m and the first protection 
layer 13 is cut so as to leave 30 jum each on both sides of 
the semiconductor chip 10a. 
[0043] 

Then, as shown in FIG. 10(f), the semiconductor chip 10a 
that has been severed as described above with the sides 
remaining covered with side protection layer 13a can be 
separated from the wafer fixing sheet 2 0 to form a semiconductor 
device as shown in FIG. 9. After the semiconductor chip 10a 
is separated from the wafer fixing sheet 20, the side protection 
layeV 13a can be also separated from the semiconductor chip 
so that it can be used as a semiconductor chip in bare chip 
condition. 
[0044] 

As described above, according to the present embodiment, 
when the semiconductor wafer is divided into individual 
semiconductor chips, the dicer needs only to cut through the 
first protection layer (side protection layer) that has been 
filled into grooves formed at the cutting positions of the 
semiconductor wafer, and can thus divide the wafer into 
individual semiconductor chips without giving rise to cracks 
which produce silicon debris in the surface portion of the 



17 



back- surface opposite to the surface which has electronic 
circuit formed thereon. While a dicer for cutting silicon may 
be used to form the grooves, another dicer suitable for use 
with material of the side protection layer, for example a dicer 
for cutting resin, may be used for cutting through the first 
protection layer (side protection layer). Thus, occurrence 
of clogging of the dicer blade with resin or the like can be 
prevented. 
[0045] 

The semiconductor device according to the present 
embodiment as described above can be packaged for use on a 
packaging substrate in the same manner as in the first 
embodiment . 
[0046] 

The present invention can be applied to any semiconductor 
device, for example, a semiconductor device of MOS transistor 
type, bipolar transistor type, BiCMOS type, a semiconductor 
device equipped with logic circuit and memory, or the like. 
[0047] 

The dicing method for semiconductor device according to 
the present invention is not limited to above- described 
embodiments- "For example, the material of the protecting film 
for covering the sides or the bump- formed surface of the 
semiconductor chips is not limited to above described resin, 
but various other resin may be used. Alternatively, material 
other than resin may be used for this purpose. The protruding 
electrodes formed on semiconductor chips, such as solder ball 
bumps, gold stud bumps, or the like may be formed by means of 
plating method, ball bump method, or the like, and there is 
no limitation as to its material or forming process. Metal 
posts with or without rewiring may also be used. Various other 
modifications may be made without departing from the spirit 
and scope of the present invention. 
[0048] 

[Effect of the Invention] 

According to the dicing method for semiconductor devices 
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of the present invention, a semiconductor wafer can be divided 
into individual semiconductor chips without giving rise to 
clogging of a dicer blade with resin while avoiding occurrence 
of cracks which would cause silicon debris to be produced in 
the surface region of the back-surface side of the semiconductor 
chip opposite to the surface having electronic circuits formed 
thereon, 

[Brief Description of the Drawings] 

FIG. 1(a) is a perspective view showing* a semiconductor 
device according to a first embodiment of the present invention 
as seen from the side of the bump (protruding electrode) -formed 
surface; 

FIG. 1(b) is a perspective view showing the semiconductor 
device of FIG. 1(a) as seen from the back-surface side; 

FIG. 1(c) is a sectional view taken along the line A- 
A' in FIG. 1 (a) ; 

FIG. 2 is a sectional view showing fabricating process 
for fabricating the semiconductor device according to the first 
embodiment, in which (a) shows the bump forming step, (b) shows 
the groove forming step, and (c) shows the step of forming a 
first protection layer; 

FIG. 3 is a sectional view showing fabricating process 
for fabricating the semiconductor device as continued from FIG. 

2, in which (d) shows the step of forming a second protection 
layer, and (e) shows the step of grinding the semiconductor 
wafer with a grinder; 

FIG. 4 is a sectional view showing a fabricating process 
for fabricating the semiconductor device as continued from FIG. 

3, in which (f ) shows the step of cutting the first protection 
layer, (g) shows the step of separating the semiconductor chips 
from the wafer fixing sheet, and (h) shows the step of separating 
the first and the second protection layers; 

FIG. 5 is a sectional view showing the semiconductor device 
according to the first embodiment as packaged on a packaging 
substrate; 
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FIG. 6(a) is a perspective view showing a semiconductor 
device according to a second embodiment of the present invention 
as seen from the side of the bump (protruding electrode) -formed 
surface; 

FIG. 6 (b) is a perspective view showing the semiconductor 
device of FIG. 6(a) as seen from the back-surface side; 

FIG. 6(c) is a sectional view taken along the line A- 
A' in FIG, 6 (a) ; 

FIG. 7 is a sectional view showing fabricating process 
for fabricating the semiconductor device according to the 
second embodiment, in which (a) shows the bump forming step, 
(b) shows the groove forming step, and (c) shows the step of 
forming a first and a second protection layers; 

FIG. 8 is a sectional view showing fabricating process 
for fabricating the semiconductor device as continued from FIG. 
7, in which (d) shows the step of grinding the semiconductor 
wafer with a grinder, (e) shows the step of cutting the first 
protection layer, and (f) shows . the step of separating the 
semiconductor chips from the wafer fixing sheet; 

FIG. 9(a) is a perspective view showing a semiconductor 
device according to a third embodiment of the present invention 
as seen from the side of the bump (protruding electrode) -formed 
surface; 

FIG. 9(b) is a perspective view showing the semiconductor 
device of FIG'I 9(a) as seen from the back-surface side; 

FIG. 9(c) is a sectional view taken along the line A- 
A' in FIG. 9 (a) ; 

FIG. 10 is a sectional view showing fabricating process 
for ^fabricating the semiconductor device according to the 
second (translator's note: ''second" should be '"third") 
embodiment, in which (d) shows the step of grinding the 
semiconductor wafer with a grinder, (e) shows the step of 
cutting the first protection layer, and (f ) shows the step of 
separating the semiconductor chips from the wafer fixing sheet; 

FIG. 11(a) is a perspective view showing a semiconductor 
device according to a conventional technology as seen from the 
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sider of the bump (protruding electrode) -formed surface; 

FIG. 11(b) is a sectional view taken along the line A-A' 
in FIG. 11 (a) ; 

FIG. 12 is a sectional view showing the semiconductor 
device according to the conventional technology as packaged 
on a packaging substrate; 

FIG. 13 is a sectional view showing fabricating process 
for fabricating the semiconductor device according to the 
conventional technology, in which (a) shows the bump forming 
step, (b) shows the step of grinding the semiconductor wafer 
with a grinder, and (c) shows the step, of dividing the 
semiconductor wafer into individual semiconductor chips with 
a dicer; 

FIG. 14 is a plan view of a semiconductor device useful 
for explaining problems with the semiconductor device 
according to the conventional technology; and 

FIG. 15(a) and (b) are sectional views of semiconductor 
device useful for explaining problems with fabrication method 
for fabricating semiconductor devices according to the 
c on vent i ona 1 tec hno 1 ogy . 
[Reference Numerals and Symbols] 

10 semiconductor wafer 

10a semiconductor chip 

11 bump 

12 groove 

13 first prptection layer 

13a side protection layer 

14 second protection layer (bump-formed surface protecting 

layer) 

14a, 40 sealing resin 

30 substrate 

31 electrode 

Dl, D2, D dice 

BG grinder 

X cutting position 

C crack 
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f^j A «'x =^ ->tttfl§fi { bttHtBg ^ ^ ^ «'J^ u -r 

^Wr-5fflffi«lijl 1 3 a{Cj;t)*Sa^nTt^^. 



(6) 
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[0 0 3 9] ±t£(7)***SJg^®#^#:^«ti. m\iti. 

Bg-r -5 ;t i6 tr (i >- u n >ffl (7) y -f -y— ffl I i ^ d <!: *^-e 
-f -y— if. fiiMfSis^WMdii Lfc^-r -y— (.^s 
«)**^ft[ll§/j HI' J; 0 lis* 0 *®c-rc: <i:fj:< iJifif 

[0 0 4 0] ±.ti(D^mw-i^m.(D^^:ijmizr:3i^xmm 

[0 0 4 1] ±m(D^o\Z^ 1 ffiliJl 1 3 ^J^lS.Lr^ 
m.. 010 (d) tZ^-Tct^iC. i#®#:'^X/M OODA' 

■5A'-y ri? y ^-f > KfflO">XA@5effl h 2 0 0 

"j7XAl O^^i^^-f >y-BG{cJ;OW»Jf ^f>J;l 

ii£^#:':>XA 1 OWif ^ tLT. ?» 1 2CD?lig$ 
0 fc^V^Rf^c^iS^ t (fiaj;^li 1 2 5 MmSS) tU^ 

*TWH'J-r-i>. *5s^':7XAiSR»fs<z)mi^ 
ffl©lS3gc<@©¥Jgi*5">v:7'i 0 aiz^m^n^o 

[0 0 4 2] '.XiZ. mi 0 (e) tr^-Tck^tl, tttSi^ 
»tfflcc»^2^'f-y— D2i;:J;D. .±IB®J;3(c^mLfc 

m 1 1 3 ^m^m(D^mi^^ yzfioa (Dmm^ 

mm-r^^o\zj^Ltj:AiibwmLTmm^mm 1 3 at 

■fi 0 awMffiic -en-?-*n 3 0 um-r-on-fj^oizmm 
-re, 

[0 0 4 3 ] 'AfiZ. miO ( f ) [c^-Ti ^ t:. ifE^i- 

ti^n, «ffi*fflijffi«isji 1 3 aiz^Ki^m-^ntz^m 

W^yZ^l 0 a<£'^X/\@^^->-l-2 0;i^'=.ttAJL 

T, m9iZ7niri¥^mi^i&mt-r^:itt)irt^, 

±fS<7)J:ol:':7X/NH^fflv'-h 2 0?i»e.iij*SLJt?^. 



[0 0 4 4] ±te<DJ;5{i. *:*iSJ^ffi{::<tn«. ¥3? 

t^^y;f^^mi^'yx./\-/}^ibm^\zmi\-r^m\z. 
i^'yx.j\<Dmm&m.izmi&^tirz.mi,zmisb&^tircf^ 1 

SSSE5i-<^ 5 -y ^> ©fg^^K^± LTfi-<? CDiti®«:5^ >y 

mm'smm) ^m\^^tz.^\z\-mmm<fi^^ 

^-ti if. #iffi«ISI)lW4l::a bfc^^-f -y— <lrffl ti-S ^ 

[0 0 4 5] JiK(7)*IISfiJg^CDii^«#:^S«, ^ 1 * 
e. 

[0 0 4 6] 2|s:5!?^<Z)^j^^*^gBtLTti. MOSh^ 
>~J7.9%. A'f^— 7^, B i CMOSJ^. 
a -y i7 1 ^ t U 

fi T- n ("I t C T ii ffl nJ t? $> -5 . 

[0 0 4 7] ^^'^(r)^m^^Wi(n^'^'yz^^^mii.l. 

<©{iij®^A'>>^?^fi!c;ffi**j^a-r€.ffiiM8s«. ±ie(ctBig 

5. Sfc. if^jg^^5i^-yy{cj^B£-r§5§e«ffi<!:LTti. 
^ y ^ffi-^5}^-;i'A*>yS(c: J; 0 J^j^r s td^Tfr. 

[0 0 4 8] 

[!flSB^cDxs^] i^%mo:>^mi$-mm(^y^ '>>':fi5&iz 

^ni£. :?^-f -y— ««*5W8itc.fci3SsS*0«:@Cl-r ;i 
ifin£<, *fe. v''J:3><-ra3lgEgi:?ie#^^*:^-y 

-5. 

[0i5WfB#?i£SKBJ] 

[mi] HI (a) \tm\mmT^m\zm^'^m'f^'&m.^ 

0. 01 (b) {iKffi(BW^b^;^ct#«?4tl0T*(3. 
BIl (c) (a) ifroA-A' {l:fett-58'fS@1? 

[0 2] m2\m\-mm^\z'^^^'=^Mwmm.<j:>m.'M.ij 

&®KigXS^^Ti'rffiElT^O. (a) «/K>ycoj^ 
fiKXSS-Cv (b) «aa)JgB£XS*T, (c) l±mi 

[03] 0 3iS0 2COS^^CDXS^73^b, (d) 2 
{^laSWJ^sKXS^T-. (e) «H^^ig#:'i7XA$:i7'5'r 
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[114] m4im3a:)m^<Di:m^mL. (f) \tmi 
ffifSg^WrTsxssT. (g) iti^^mw^yy^'y 

[El 5] m5\tmimmmmjz^^^mt^&s.^m^& 
[06] 06 (a) \tm2mmmmiz^^^^mwmm=^ 

0, 0 6 (b) ««SffliJ*^^>^^c<t^<75?4ll0T$>O. 
06 (c) (i06 (a) "ticDA-A' lri3tt5ISfS0-C 

[0 7] mi \tm2%ms^m\z^^^MW'^m.(r>m&n 

ftW«3gXS^^-rW®0-ea&i9« (a) «;\*>7'®Jg 
flgXSS-C, (b) ««©JgfigXgST-. (c) liHl 
«tiffl43 J;tJ% 2 iSiiil©JgfiEX@*-eSr^-r. 
[0 8] 0 8tt07COigg#®xa«;S^b. (d) «^a^ 

(e) tt^l«Sg*^S»f-r-5XflST\ (f) 

-r. 

[0 9] 0 9 (a) tt^3^SSjeffi.(c:^5)#^#:^a^ 
A'>-/ (§l|iSmffi) fg^®ffliJA>?.^;'ci:^<D#4ta0T'* 
0. 0 9 (b) l*K®ffliJ*^e.^/t<i:#©^m0-t?*O. 
0 9 (c) «0 9 (a) «fCDA-A* fC*3tt.5*r.®0T 

^ 'So 

[010] 01 Qitm2mmmmiz^^^^m»ms<^m 

[0 2] 




12 



ifi:^teOTiajfixs^^-rwsi0Tfeo. (d) 

■^X/N^y^-r >^-{CJ;0W»J-r'5Xe^T, (e) 

[01 1] 01 1 (a) «Se*CTlC0^f>*iJS!<*:SMS-A' 

D, 01 1 (b) 1^01 1 (a) ^^COA-A' 
»ff®0T&^. • 

[012] 01 2\m^m\zish^^mi¥mm^mmmm 

izmmL-tzt^ommrnx'^)^. 

[013] 01 3tt4^*0iJ{r«^i|^i»^*:ge®MjS*te 
roSigXSS:^-r®fB0T*O. (a) Hy\'>7'WJ^fi£ 

x^sT. (b) \^^mwtf3L/\t:ify^ >y-iz^r) 

mm-t^T.m^T\ (c) tsy-f-y— 

[014] 014 imikm\z%^^mi^mm(Dmm!^^ 

Sil^r-5#W#:«SW¥®0-C$)^. 
[015] 015 (a) (b) tttS*«^J(r^-5i|£ 

B0T*«). 

[?^^(75iJiaj] 

1 0-#iSi<*:'j7XA, 1 0 a"-#ii#:5"-y7'. 1 1 •••/N* 
12-^, 13-lllffilI^. 1 3 a-{giJffi«EI 
g, 14-||2«SIJg (A>yj^5g®«aS) . 14 

a. 4 O-itlhrnm, 3 0-S*g> 3 1-m- Dl, 
D2, D-^-r-y--. BG-y^-f >:S*'-. X-^ilT'fi: 

[0 3] 




(8) 



!t#M 2 0 0 1 - 5 3 0 



CBll CBI4] 




(9)' 



0 0 1 - 5 3 0 



[0 7] 



ma] 




BG 





(d) 




^OaV 13 20 
14 11 



D2 



W2 



(e) 




'I0a(i3a 20 
14 11 



10a 



Cf ) 




13a 



14 11 



m9] 




13a 



(d) 



[010] 



BG 



ESS 




10»( 13 20 
11 



St' 




138 



D2 



W2 



10b( 



10a( 13a 20 
11 



A T A' 

10a 



(f ) 



10a 
11 



13a 



(10) 
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[011] [013] 




20 



4* 



(11) !f#5^2 0 0 1 - 5 3 0 3 3 



